Mrs. McTavish is a 25-year old patient whose Papanicolaou (Pap) test results have come back from the laboratory. The smear is described as satisfactory for evaluation; however, it is noted that an inadequate number of endocervical cells were present in the sample. The results of the patient's past Pap tests have been satisfactory for evaluation and negative for abnormality. She is otherwise well. Her physical examination, including pelvic examination, showed nothing unusual. R ates of cervical cancer have been declining in Canada since the implementation of the Papanicolaou (Pap) smear, with reduction in both incidence (from 11.1 per 100 000 in 1970-1972 to 5.2 per 100 000 in [1994][1995][1996] and mortality (7.9 per 100 000 in 1953-1955 to 1.9 per 100 000 in [1995][1996][1997].
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1 Further improvements will depend on the continuance of screening for cervical cancer and the effectiveness of screening tools. The Bethesda System -the conventional system for reporting cervical cytologic diagnoses -provides feedback about specimen adequacy using the categories "satisfactory" or "unsatisfactory."
2 Primary health care providers may receive Pap test results that are identified as satisfactory but accompanied by a note that indicates a sample from the transformation zone is lacking. Some provincial and national guidelines are unclear about how clinicians should respond to this type of report. Because of this uncertainty, we sought to review the current evidence on the topic. How should a care provider proceed with screening when faced with an otherwise satisfactory Pap smear that lacks sampling from the transformation zone? If physicians continue with regular screening intervals without special attention to the lack of endocervical cells, are cervical abnormalities being missed?
Literature review
We searched MEDLINE from 1975 to the end of July 2010 using the following combination of keywords and subject headings: "unsatisfactory Pap smear," "endocervical component," "endocervical status," "endocervical cells and Pap smear," "Pap smear and quality" and "abnormal Pap smear." Bibliographies from the identified articles were manually searched. Summary sites such as Towards Optimal Practice (Alberta) and Cancer Care Manitoba were also reviewed in July 2010. We identified 462 citations, and reviewed 53 full-text articles. Papers were excluded if they were written in a language other than English, if they did not discuss the topic of Pap smear quality and presence or absence of endocervical cells, and if there were insufficient data to draw conclusions. Twenty-four articles were included in our review and are summarized in Appendix 1 (available at www .cmaj .ca/cgi /content /full /cmaj .101156 /DC1).
The level of evidence was determined by the hierarchy developed by the Canadian Task Force on the Periodic Health Examination, 3 according to which the highest level of evidence (Level I) derives from at least one randomized controlled trial, and the lowest level derives from the opinion of experts (Level III). The evidence identified in our search was predominantly Level II, indicating that the literature contained mainly cohort, cross-sectional and case-control studies. No randomized controlled trials, systematic reviews or meta-analyses were found.
What is an adequate sample?
The effectiveness of screening using the Pap smear relies on adequate sampling from the cervix. 1 Although a conclusive definition of "adequate sample" remains elusive, the retrieval of endocervical cells from an area of the cervix known as the transformation zone or squamocolumnar junction, from which most abnormalities arise, 4 has historically been considered an indication of quality. 5 Some older studies [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] have shown a relationship between the presence of endocervical cells and the identification of cervical abnormality. Such findings are consistent with the hypothesis that samples with endocervical cells are more likely to detect atypia. However, more recent research [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] has shown that the absence of endocervical cells is not necessarily associated with a higher risk of cervical abnormality.
What do the guidelines recommend?
Not all provinces and territories in Canada have guidelines for screening for cervical cancer or a screening program ( 
What is the evidence?
The debate regarding the significance of endocervical cells was sparked when initial research found that the presence of endocervical cells on a smear was related to an increase in detection of abnormalities of the cervix. [5] [6] [7] [8] [9] [10] 12, 13 One study 8 assessing the cytologic histories of 376 women diagnosed with invasive carcinoma of the cervix found that endocervical cells were seen less often in smears reported as negative (45.5%) than in those with atypia (84.4%) and those with cervical intraepithelial neoplasia (97.8%). This difference was significant (p < 0.001), suggesting that the composition of the smear was related to the detection of abnormalities. To best identify atypia, the authors argued, a repeat test is necessary. Further studies verified this finding. Another study 10 reviewed 36 853 Pap smears to investigate the effect of the presence or absence of endocervical cells on the detection rate of abnormalities, with the result that cervical intraepithelial neoplasia (CIN) was detected 2.3 times more often in smears with endocervical cells. Two further studies reviewed false-negative Pap smears from patients who had a confirmed diagnosis of cervical cancer. Many of these smears (35 ) were missing endocervical cells. Based on this evidence, it became standard practice for physicians to sample endocervical cells to improve the chances that abnormalities were caught and to test repeatedly as deemed necessary when endocervical cells were not present.
However, recent retrospective studies 15, 21, 23, 24 assessed the effect of the presence or absence of endocervical cells on the rate of detection of abnormalities by comparing the concordance between cytology (assessed by Pap smear) and histology (assessed by colposcopic examination). One study 23 examined 151 instances of histol ogically diagnosed CIN II and III and retrieved the Pap tests to determine discordant, or false-negative, cases. Of the 13 Pap tests lacking an endocervical component, only 3 (23%) were discordant, whereas of the 138 Pap tests with an endocervical component, 38 (27%) were discordant. There was no significant difference between these groups (p > 0.5), suggesting that the inclusion of an endocervical component within a smear does not guarantee that an existing abnormality will be detected. Other casecontrol studies 17, 18, 20, 25 support this finding. Thus an endocervical component may not be a good indicator of specimen quality, and its lack may not indicate that early repeat testing is necessary.
The most convincing evidence, however, is found in longitudinal studies in which patients were prospectively evaluated for the presence of endocervical cells and for subsequent abnormal Pap smears. 16, 22, 26, 27 Methods of reporting cervical atypia have changed over the years, so among these studies, the measured outcome varied (i.e., CIN v. low-grade squamous intraepithelial lesion v. atypia). As well, the length of follow-up dif-fered among studies. However, the essence of the findings was consistent: women whose Pap smears did not contain endocervical cells were not at higher risk for subsequent detection of cervical abnormalities than those whose smears did contain endocervical cells.
Perhaps the most convincing longitudinal study was performed by Mitchell in 2001. 22 Four cohorts of women who had an initial negative Pap smear and a subsequent Pap smear three years later were studied. Endocervical cells were present in both entry and exit smears in cohort A (n = 18 618); endocervical cells were absent in the entry smear and present in the exit smear in cohort B (n = 16 632); endocervical cells were present in the entry smear and absent in the exit smear in cohort C (n = 16 291); and both smears had absent endocervical cells in cohort D (n = 8603). One would expect a higher incidence of disease in cohort B compared with cohort A, given that cohort B would be more likely to exhibit missed abnormalities in the entry smear because of the lack of endocervical cells. This was not the case; cohort B had no more histologic high-grade disease than cohort A (standardized incidence ratio for cohort B compared with cohort A 0.89, 95% 17 that the transformation zone may be more easily sampled when abnormality is present because of the reduced adhesiveness of cells. A recent blinded, comparative cross-sectional study 14 showed that cervical smears with a higher number of endocervical cells (> 50 cells) was significantly associated with the presence of at least 10 squamous atypical cells (odds ratio 2.87, 95% CI 1.54-5.35). This finding suggests that there is a positive association between the number of endocervical cells and the number of atypical cells in a smear, and supports the hypothesis that endocervical cells may be more accessible in cervices with abnormalities. The presence of these cells may be a marker in women with a greater risk of cervical abnormality, indicating a higher risk for disease. However, more research is needed to explore this hypothesis.
Review
Although the longitudinal studies described present the strongest evidence available, some limitations do exist with this type of study. Other explanations for their findings are possible. For example, in longitudinal studies with cytologic follow-up, Pap smears without endocervical cells may be less sensitive than those with endocervical cells. Thus, abnormalities may be missed on subsequent Pap tests that do not include an endocervical component. In longitudinal studies with histologic data, only positive cytologic results are usually verified. If Pap tests without endocervical cells are less sensitive, these test results are less likely to be subject to histologic verification. As a consequence, verification bias may occur, giving the impression that such women are at low risk for cervical abnormalities when they are actually not. Studies with shorter follow-up periods are more prone to this bias. More research is required to address these concerns.
Should women whose Pap smears lack endocervical cells be retested?
Studies using multiple methodologies have attempted to determine the role of endocervical cells in Pap tests in the detection of cervical cancer, but the conclusions of these studies have often been contradictory. According to the criteria of the Canadian Task Force on Preventive Health Care, 39 contradictory evidence receives a C grade, meaning that no recommendation can be made. However, the majority of recent, rigorous and validated studies support the view that the presence of endocervical cells is not necessary for a Pap smear result to be valid and may possibly be a risk factor for cervical abnormality. As such, this body of research represents fair evidence to recommend avoiding early repeat testing for those women whose Pap smears are negative and do not contain an endocervical component.
Are there differences among Pap smear sampling techniques?
Efforts have been made to improve the sampling methodology for the collection of adequate Pap smear samples. Over the years, accepted sampling techniques have changed. Studies included in our review used a variety of sampling techniques, such as wooden spatula and cotton swab 19, 25 and ThinPrep Pap tests. 23 Many of the studies we reviewed did not differentiate among sampling techniques. However, Mitchell and Medley 16 found that using a combination of cytobrush and spatulae, compared with just using spatulae, improved the probability of having endocervical cells reported in the sample. It is not known, however, whether different sampling techniques affect detection rates of atypia depending on the presence or absence of endocervical cells. Therefore, we suggest that clinicians continue to use the sampling technique recommended by guidelines in their area.
There may be other factors that influence the collection of an adequate sample. For instance, the Alberta guidelines 29 suggest some conditions for optimal collection, including the stipulation that patients refrain from use of contraceptive creams or jellies, douching, intravaginal medication and sexual intercourse for 24 hours before the test. However, a review of the evidence underlying these recommendations is beyond the scope of this paper. To optimize the collection of a specimen, clinicians should follow the manufacturer's directions.
Gaps in knowledge
This review is not designed to posit a biological mechanism that might explain the contradictory claims of the studies examined. Future inquiry may seek to validate the hypothesis of Mitchell and Medley 17 that when atypia is present, endocervical cells slough off the transformation zone more readily, which accounts for their frequent presence in positive samples. Testing other hypotheses that seek to reconcile the con-tradictory evidence is also important for a full understanding of the role of endocervical cells in the development of cervical cancer. Various sampling methods were used in the studies examined by this review, but this paper does not address the effectiveness of different sampling techniques.
More studies are needed to determine whether there is a higher incidence of invasive cervical cancer among women whose Pap smears lack endocervical cells. Prospective, longitudinal studies of longer duration, encompassing the onset of atypia to the development of cervical cancer, would also benefit this area of study. A close examination of regional guidelines is also recommended to ensure that the most accurate and upto-date information from rigorous research is being relayed to practitioners.
The case revisited
Mrs. McTavish returns to review her Pap test results. Her physician assures her that the result is normal and that there will be no change in the scheduling of her screening Pap tests. She wonders about the meaning of the phrase "inadequate number of endocervical cells present" included in the report. The physician explains that there is a zone in the cervix from which most abnormalities arise. There has been some suggestion that, when there is a lack of these endocervical cells on a Pap smear, perhaps this zone was not adequately sampled. However, a balance of research articles shows that a lack of endocervical cells on a Pap test result does not lead to an increased risk of abnormality for someone like Mrs. McTavish. Therefore, Mrs. McTavish can continue with regularly scheduled Pap tests. Local guidelines should be consulted to determine the timing of the next Pap test.
Conclusion
Based on the strongest evidence available, when a physician is confronted with a Pap smear result lacking endocervical cells, an appropriate course of action would be to schedule the patient for regular testing unless there is suspicion of abnormality, such as abnormal bleeding or other clinical indicators of cervical abnormality. The patient would not be required to undergo an uncomfortable and invasive procedure a second time. Minimizing unnecessary procedures can save the health system considerable expenditures in the form of physician time, testing supplies, laboratory analyses and other costs. It would be helpful for clinicians if provincial and national guidelines were updated to reflect recent research in this area. Local guidelines, however, are an excellent resource for best practices in Pap smear techniques.
